A unique aqueous silica removal process using naturally occurring diatoms for water reuse and desalination is described. Several strains of brackish water diatoms have been isolated and tested.
INTRODUCTION
The drought in California is an unprecedented crisis and has made the state's water supply more vulnerable than it has ever been. Not only California, but other arid and semiarid states and countries are facing an urgent need for alternative water resources as well. In recent years, more and more water utilities in the southwestern United States and around the world have begun exploring water from unconventional water resources, such as reclaimed water and brackish groundwater, using reverse osmosis (RO) (Greenlee et al. ; Pérez-González et al. ) . Brine (concentrate) management and minimization has become a critical issue in RO-based water reuse and desalination projects, especially in inland areas where the means of brine disposal are limited. In order to minimize the volume of RO concentrate further, many advanced water treatment facilities are considering adding an additional stage of RO process to recover another 10% to 15% of usable water, although serious scaling due to the presence of inorganic scalants, including silica, calcium, and phosphate, is a major obstacle (Asano et al. ) . In order to solve this challenge, a unique photobiological process utilizing selectively cultured diatoms has been developed to efficiently remove these inorganic scalants from RO concentrate so that additional RO can be employed to recover more fresh water (Ikehata et al. ) . This approach will help reduce the environmental impacts of water reuse and
MATERIALS AND METHODS
A brackish water diatom P. trainorii E. Morales PEWL001 was isolated from agricultural drainage water collected in the Central Valley of California, USA, during the summer of 2010 as described earlier (Ikehata et al. ) water quality ( radiation ranging from 400 to 750 nm with a sharp peak at 450 nm and a broader peak at 550 nm. The relative radiant power was two times higher at the former peak than at the (500 μL or 5 mL, respectively) was added to the 50-or 500 mL containers to initiate the photobiological treatment.
The seed culture was pre-grown in the GWRS ROC or Guillard's F/2 medium as described above. The initial biomass concentration in each container was about 0.15 g dry weight L À1 . Aliquots of samples were withdrawn periodically from the containers to measure color, reactive silica and orthophosphate concentrations during the treatment.
Once reactive silica concentration was reduced below 1 mg·L À1 , supernatant was removed from the containers by decantation while a majority of algal biomass was kept in the container. Fresh RO concentrate was added to the container for another semi-batch cycle. The supernatant was further analyzed for water quality. At the end of the last cycle of the semi-batch experiment, the dry weight of biomass was determined using the method described earlier (Ikehata et al. ) . In the case of brackish groundwater RO concentrate treatment, sodium phosphate monobasic (ACS reagent; Sigma-Aldrich, St Louis, MO) or F/2 medium concentrate (no silica, F/2 Algae Food; Fritz Aquatics, Mesquite, TX) was added to adjust the initial orthophosphate concentration.
RESULTS AND DISCUSSION
As shown in Figure 2 In those RO concentrates from the advanced water reclamation facilities, phosphorus was apparently the limiting nutrient. While ammonia was the preferred nitrogen source and was completely removed in the case of GWRS RO concentrate treatment (Figure 3(b) ), both nitrate and ammonia were consumed simultaneously in the case of LVL AWTF RO concentrate treatment (Figure 3(a) ). The reason for this difference is unclear because these RO concentrate samples contained fairly similar levels of phosphorus and nitrogen compounds (Table 1) . Additional experiments are currently being conducted to explore this issue.
In addition to the RO concentrate samples from the two advanced water reclamation facilities, another sample from Chino I Desalter, which is a brackish groundwater desalina- (Figure 2(a) ). The peak integrals and fluorescence were compared before and after the treatment as shown in Figure 7 . Overall peak integral was decreased by the photobiological treatment using both P. trainorii PEWL001 and N. communis PEWL002.
Peak A intensity decreased significantly (about 21%), especially with P. trainorii, indicating the humic-like component was degraded by the photobiological treatment.
While the intensities of peaks C and M were also slightly decreased (14% of peak C, 18% of peak M in the case of the treatment with P. trainorii), the intensity of peak T did not change significantly in the RO concentrate samples after the photobiological treatment with both diatom species. More detailed analysis of DOM with EEM and size exclusion chromatography is currently underway. The impact of the photobiological treatment on trace organic 
